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(54j Exhaust gas reactor 

(57; An exhaust gas reactor comprises 
at least firs; and second open-pore 
ceramic foam plates which are arranged 
in succession in the direction of flow 
tnrougn the reactor. The plates of 
ceramic foam have a catalytically active 
surface iayer thereon. Filter plates of 
unco2tec ceramic foam may 
additionally be provided upstream and 
downsrream of rhe first-mentioned 
plates. 
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SPECIFICATION' 

Exhaust gas reactor and process for the production 
thereof 

5 •'"•:'.-> 

The iny^ntjon relates to an exhaust gas reactor, for 
exampJe^or use with'an internal combustion engine 
and a process for the production of such a reactor. 
The term exhaust gas is used in this specification 
10 in a broad sense and may therefore embrace exhaust 
gas from an internal combustion engine as well as 
exhaust or waste gas from other sources, such as a 
paint spraying booths . 

One form of an exhaust'gas reactor comprises a 
15 refractory carrier material in the form of a monolithic 
block of open pore ceramic foam, which has thereon 
a catalytically active surface iayer. 

Porous ceramic foam is produced by an open-pore 
plastics foam being filled with a slurry of ceramic 
20 material, and then vaporising the plastics foamat 
elevated temperature. The porous ceramic foam 
produced in that way is also of an open-pore nature 
and is then provided with a catalytic layer which is 
matched to the respective chemical process 
25 involved. Catalysts produced in that way from 
porous ceramic foam are subjected to further 
processing to produce monolithic blocks of 
appropriate size, and used in that form. 
According to the present invention, there is 
30 provided an exhaust gas reactor including a 

refractory carrier means of open-pore ceramic foam 
comprising at least two plates which are disposed in 
succession in the direction of gas flow through the 
reactor, and a catalytically active surface layer on the 
35 carrier means. 

Tests have been carried out which show that an 
exhaust gas reactor which is constructed from a 
plurality of successively disposed plates is 
substantially more efficient in operation than an 
40 exhaust gas reactor.consisting of a monolithic block 
of appropriate size. Furthermore, an exhaust gas 
reactorcomprising a plurality of plates is 
substantially easier to manufacture and it is also 
easier to provide it with a catalytically active surface 
45 layer, than a large monolithic block. It is possible to 
arrive at a made-to-measure construction, 
depending on the particular composition and 
temperature of the waste orexhaust gases which are 
to be subjecteo to the posi-combustion procedure. 
50 by virtue of the plates being of suitable composition', 
configuration and dimensions. In addition, the 
reactor can be rapidly adapted to the respective 
operating conditions invoived. particularly in the 
event of changes therein, by virtue of the insertion or 
55 replacement of plates. All in all. because of the large 
internal surface area of the ceramic foam, the 
exhaust gas reactor can be small in volume, in 
rela:ion to the respective gas through-put thereof. A 
compact exhaust gas reactor of that nature is 
60 particularly important when, in connection with 
subsequent fitting to motor vehicles, a conventional 
silencer box or muffler is to be replaced by an 
exhaust gas reactor which must take account of the 
preoetermined dimensions and conoitions of 
65 installation of the respective silencer box or muffler. 



Besides the very large ( internal surface area of a 
ceramic foam, relative to its external volume a 
critical consideration in regard to the level of' 
efficiency of an exhausj gas reactor in accordance 
70 with the present invention is also the high level of 
reaction probability which is provided by the 
micro-turbulent post-fjiw of the individual rods or 
fibres of the ceramic foam. 

In accordance with a further feature of the 
75 invention, the porosity of tne plates is between 1 0 
and 60 ppi (pores per inch), and preferably between 
TO and 30 pp.. The.rejerence to pores per inch ( PP i) 
denotes the number.ofjoores.per inch as a unit of 
length. 

80 A further embodiment of a reactor according to the 
invention advantageously provides that plates of a 
different configuration or nature may be used. The 
different configuration or nature may be that the 
porosity of the plates is different, for example a plate 
85 with coarse pores is followed by one or more plates 
with finer pores. Howe.yer.the different configuration 
• or nature may additionally or alternatively involve 
different catalytically.active surface layers. 
Furthermore and possibly in addition thereto the 
90 plates may be of different shapes and sizes in order 
for example to produce a given flow characteristic in 
aerodynamic respects. 

Afurtherfeature of the invention may provide that 
one or more uncoated plates is or are arranged 
95 upstream and/or between and/or downstream of 
catalytically coated plates. In that connection the 
uncoated plates act in particular as a filter means. In 
that way, undesirable particles in the gas flowing 
into the reactor are filtered out of the gas flow priorto 
100 passing into the part of the reactor in which reaction 
occurs, and reaction products are filtered out of the 
gas flow if further uncoated plates are arranged 
within the coated plates of the reactor or 
downstream thereof. The pore size of the uncoated 
105 filter plates is to be matched to the size of the 

panicles which are to be filtered out of the gas flow. If 
an uncoated plate v^ith very fine pores is disposed at 
the downstream end of the reactor assembly, it is 
possible to ensure that any particles of the ceramic 
1 10 carrier materia! which come loose do not pass into 
the atmosphere, together with constituents of the 
' washcoet base layer and the cataiyst material. 
In one embodiment of a reactor, the individual 
plates thereof may bear against each other in.a 
115 sandwich-like construction. An advantageous 

feature of the invention provides however that the 
plates are arranged at a spacing from each other, in 
which respect the spacings oetween the plates may 
be the same or may vary, The spacings between the 
1 20 plates prevent the gases from forming preferential 
through-flow paths, whicn would have the result that 
pans of the plates would not have gas flowing 
therethrough or would have less gas flowing 
therethrough, so that the level of efficiency would 
125 drop, in relation to unit of surface area. If the spacing 
between plates is correctly chosen, turbulent effects 
occur between the plates.-which ensure that the gas 
flow is balanced and equalised out. The spacings 
between the plates are aisp to be selected having 
130 regard to the flow speeds through the reactor, the 
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dimensions of the n:s:es and the r-cpemes of the 
respective cases Msv^fyec. in tnat connection 
however me sdsc?'«£? should be t e ^t as small as 
possible. .having regarc to the reactor being of a 
5 c o m p a c i o e s i g n / ■; . 

it', in accordance \vijn a furtrp-aevertaoftous 
feature c: ipa inve-i.-en. the plates .ire individually 
mierchanceaoie. man areaotor of tret nature is 
s.mpler.anc less expensive from the pomi of view of 
10 maintenance than a reactor whicn uses a monolithic 
block. In mat case individual pistes can be replaced 
for repair or exchanged for c!he- pjates. if the 
operating cone-lions alter. To r C m~ VS the rius! which 

has been proriucec,xneAbove-p>er..oneauncoated 
1 5 filter olates may be excnahprj: or o-lv cleaned after 
thev have been removed. 

A : panicularlyacvantacieouc development which is 
also an aspect of independent significance provides* 
that.the catalyst maieriai useo comprises at least one 
20 non-noble metal oxide. 

Thie reaction temperature of such oxides is higher 
than that of noble metals whicn are .tonventionally 
used- for example p rati r.tirr.. and is between about 
450 and 750 C. As c rr.su!;. the level of effectiveness 
25 scarcely decreases, ever, under r.icn loading and at 
hicntemperatures. sotnsisucha .-sector is" 
particularly suitable net just tor internal combustion 
engines-of motor veniciss but also for stationary 
engines. The non-nob*? me:al oxides are also 
30 resistant to lead poisoning phenomena and to other 
noxious substances sum as chJorine, fluorine and 
sulohur. es occur in -ne ur.cieaned cases of 
stationary engines. 

In a preferred feature of the invention, the 
35 ca:aiytice!iy active surface -eye: of = non-noble metal 
oxice may be 2rranr.ee :n wnst is known as a 
wesncoei case layer of aluminium oxide in its 
vmociricetion form. S jen a wash coat base layer is 
known end provides fc-* s more -acid and better 
40 reaction. In order to !r::ove icng-te-m stability, 
accitlves may be adese to t^e case ayer, for 
exam ois comoouncs c- e!=-.er:s -"-cm the rare eanh 
group. 

In order to provide c reducing reaction, a further 
45 emoodimen; cf the invention orovioes for using a 
cata:yst material ccmr rising a: least one oxide of the 
fciicwing metals: :-cr i-e ; G ; c F*-.Q.\ ccoalt (CoO 
or Cc^O^ or Co^G^ - . nrcKei '. N ■ G or ^^Oji. titanium 
T:G : h vanadium » V : C f •. enrcmium C- : 0 5 j. 

50 .T.ctybdftnurr. iMcOj •. tungsten (WO;.. 1 , and 

manganese 'MnO cr ,Vn : G : . cr Mn 3 0.). or at least a 
mixture of a: ;east t.vc :r era cf. 

~c orovic-e an ox. : 0:sing reactior.. the cataiyst 
material of tne react c mav com oris e a; least one 

55 cxioe of at .east one of tne fcMcwir.c metais: copper 
;C^O... chromium iC.- r Cj ! . moiyodenum (Mo0 3 ). 
tungsten iV/0 3 ), manganese tMnC cr Mn-O; or 
Mn-jG.;}. vanadium A'.-C;*. «ron j?g : C 2 ! or at least one 
mixture of at least two thereof. 

50 In a further advantageous embodiment of the 
invention, the reactor may be of a two-stage 
configuration, vyitn a recucing -eaction taking place 
in tne.fi rst stage and en oxidising reaction taking 
piece in the second stage. -For example, in the first 

65 stage- of an exhaust cas reactor for interna! 



combustion engines, nitrogen oxides (NO ) are 
red uced to harmless nitrogen at tne catalyst material 

bv means of Ihecanbon monoxide iCO) in the 
exnaust gas. Then, the second stage involves 
oxidation of the excess.carbon monoxide to form 
carbon dioxide, wiih.pxygen possibly aiso beinq 
added, m the form-of air. In other areas of use of such 
a reactor, it ts also.possible to provide for the 
oxidation of ctherconstituents, in panicular organic 
/b components, for example hydrocarbons Such 
constituents occur inter alia in the waste or exhaust 
gases from paint spraying booths. The two stages of 
the reactor each have at least one plate and may be 
arranged in separate housings or in a common 
80 housing. At least one uncoated filter plate is 

desirably arranged upstream of the first stage so 
such a filter can afso^etain soot particles which can ■ 
Then undergo post-combustion if the initial filter 
reaches a temperatgt-e.above oOO-'C. The second 
85 stage may be followed by an uncoated fine^pore 

filter plate, constituting a very fine filter which retains 
in particular pieces of.ceramic carrier material which 
have come away..-,.. v .„ 

In anotheraspect, the present invention also 
90 provides a process .for the production of an exhaust 
gas reactor. wherein;a-non-noble metai oxide is 
added to the slurry yvhjch. as referred to in the 
opening pan of this specification, is used to produce 
the ceramic foam from open-pore plastics foam. 
95 After calcination oft^efoam which is coated with the 
ceramic material, the non-noble metal oxide is then a 
constituent of the ceramic material and is thus also 
present at the surface thereof. Such a mixing effect 
may be used in particular when the oxide is 
100 comparaiively inexpensive. 

An alternative option in regard to me process re- 
producing the exhaust gas reactor according to tne 
invention provides that the foam which has oeer. 
coatee with ceramic material ar.c ore-dried but not 
105 yet subjected to the calcination ooere:ion may be 
coated, preferably by a dipping operation, with a 
particular suspension^ slurrv which contains the 
non-noble metal oxide:and ootionahv further 
constituents which promote adhesion of the oxide as 
110 well es the catalytic function. Besides for example 
titanium dioxide, the syspensior or siurrv may 
additionally contain the material for the base layer 
( a I u m i n i u m o x id e ) . ; 

Another form of procedure for eooivinc -he 
.115 catalyst material in the reacic acccrcinc~to the 
invention provides that the foam whicn has been 
coated with ceramic material and ocssibly the base 
layer and whicn may or .may not nave Deen subjected 
to the calcination operation is impregnated with a 
1 20 solution of a metal salt'of tbe nor-nooie metal to be 
used, and then the metai is convenec into the metal 
• oxide by a heat treatment such es calcination, and 
fixed on the ceramic foam. 

The reactor according to the invention is 
125 inexpensive to manufacture, enjevs a wide range of 
adaptability and has a high level of efficiency, even at 
high temperatures, while being easy and simple to 
maintain and being capable of acaoting to altering 
operating conditions. ; 
1 30 Embodiments of a reactor according to the 



invention and tne process for the Droduction thereof 
will now oe describee bv wav of example with 
reference to me accompanying crawing in which: 
Figure 1 is a diagrammatic view in longitudinal 
5 section of a first emboaimer.t of the reactor 
according to the inventfo'^and--' 

Figure? \s a basic "viel&in iongiiuninal section of a 
two-stage reactor as a second embodiment of the 
invention- : ^VH- 

10 Referring to the diagrammatic view in Figure 1. an 
exhaust or waste gas reactor according to the 
invention comprises three plates 1 of open-pore 
ceramic foam with a caiaiytically active surface layer 
thereon, which are arranged in succession in the 
15- direction in which the ges flows through the reactor, 
as indicated by the arrows 10 and 1 1. 

Disposed upstream of :ne first reactor plate 1 is a 
further plate 2 of open-pore ceramic foam, which is 
not coated with catalyst material. The plate 2 serves ' 
20 as a filter plate for particies contained in the flowof 
exhaust gas. Furthermore."'arrariged downstream of 
the la siire actor prate" Vis a Very fine filter plate 3 of 
open-pore cera'mic foam without a catalyst coating 
thereon.;5Fh'e plate 2 has' very fine pores and filters 
25 out of ttie'gas flow particles of the ceramic base 
material which have come loose. The spacings 
between the inclvicuai plates 1 . 2 and 3 provide for a 
turbulent effect therein. Tnose spacings are selected 
to be non-uniform in sucn a way that the reaction is 
30 as complete as possiose, tne flow resistance is at a 
low level and the dimensions of the arrangement are 
not excessive. 

Figure 2 Is a diagrammatic view of a two- stage 
reactor. The two stages are arranged in separate 
35 casings or chambers - arse 5 which are in 

communication by wav of a pipe 6. The waste or 
exnaust gas to be treated fiows into the casing 4 in 
the direction indicates zy the errow 1 0. Arranged 
firs; in tne casing 4 : s arvuncoated filter plate 2 which 
4C is followed ate spac;'r.g by two spaced-apart reactor 
plates l whicr. are coatee vvlin caialyiicaNy active 
materia.. In tne plates *< ; tne nitrogen oxides (NOJ in 
the gas react with the ca-oon monoxide (CO) which is 
aiso present therein, vrin tne nitrogen oxides being 
...45 reduced to non-tcxic nitrogen. In the pipe 6. air is 

then accec to the exr.=jst gas by means of a nozzle 7 
from a pipe c. for exerr p»e cv means of a pump in the 
form c- a biowe-'. If :t is assumec that the denoxed 
cas in tne pipe 5 si'.'-, r.es a component of about 1 c c 
50 CO. tnen cdoui 0.5 0 : from the air must be added 
for compieie ccmoustion. With an oxygen 
component for aoc-t 20 z z. that means the addition 
of about 2.5 : 5 air. As operation is usually conducted 
at higher than sioi'cniometry. about double'the 
55 amount is accec ir. e practical situation, mat is to say 
about 5 : .o air. 

In tne casing 5. the gas again first flows through a 
filter 2 and men two reactor plates 1 . at the surface of 
whicn the cc 'bon m rncxice undergoes combustion 
60 to form caroon cicx:ce. A very fine filter plate 2 atthe 
outlet of the casing 5 eliminates reaction panicles 
ano fine oustsr -** s ' *' 

One embodiment. of tpe reactor according to the 
invention used chromium trioxide as the metal 
65 oxice. The ceramic : za~r. carrier material was 
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impregnated with ammonium dichromate solution 
{between 3 and 25°/o) and then the substance was 
thermally decomposed to form chromium trioxide 
(Cr ? 0 3 ). on the carrier material. The ammonium 
dichromate may also be reduced with a reducing 
agent such as for exa^pje net ha no i or ascorbic acid, 
to form trivalent chromium trioxide. Fixing on the 
carrier material is lhen :r ^ffected by drying and 
calcining. The thermal expenditure involved in such 
a procedure is slight. ' 

Various forms of process may be employed for 
producing a reactor as described above; for 
example, when using a slurry of ceramic material to 
fill an open-pore plastics foam which is then 
vaporised at elevated temperature to produce a 
porous ceramic foam; the catalyst material such as 
the non-noble metal oxide referred to above may be 
added to the slurry used to fill the plastics foam 
which is then removed in the manner stated. 
85 Alternatively, the foam may be coated with ceramic 
material and then impregnated with a solution of a 
salt of a non-noble metaj^the salt then being 
converted into the metal.oxide and fixed on the 
ceramic foam. -v-Spv- ' .• 

90 It will be appreciated that the above-described 
embodiments of the reactor and process according 
to the invention have been set forth solely by way of 
example thereof and that various modifications and 
alterations may be made therein without thereby 
95 departing from the scope of the invention as defined 
by tfcre appended claims. 
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1 . An exhaust gas reactor including a refractory 



carrier means ot open-pore ceramic roam, 
comprising at least two plates which are disposed in 
succession in the direction of gas flowthrough the 
reactor, and a catalytically active surface layer on tne 
105 carrier means. 

2. A reactor according to claim 1 wherein the 
porosity of tne plates is between 10 and 60 p pi. 

3. A reactor according to claim 2 wherein the 
porosity of the plates is between 10 and 30 ppi. 

110 4. A reactor according to claim 1 and comprising 
plates of a different configuration or nature. 

5. A reactor according to claim 4 wherein the 
porosity of the plates is of different sizes. 

6. A reactor according to claim 4 or claim 5 

1 1 5 wherein the plates have different caiaiytically active 
surfacelayers. 

7. A reactor according to any one of claims 4. 5 
and 6 wherein the plates are of different shapes. 

8. A reactor according to any one of the 
120 preceding claims and comprising one ormore 

uncoated plates disposed upstream and. or between 
and or downstream of the catalytically coated pi at es. 

9. A reactor according to one of the preceding 
claims wherein the plates are arranged at a spacing 

125 from each other. 

• 10. A reactor according to claim 9 wherein the 
spacing between the plate's varies. 

11. A reactor according to one of the preceding 
claims wherein said plates are individually 
130 interchanoeable. 
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1 2i*":' : A reactor according to 3 of ihe preceding 
claims wherein the catayist material usea incluoes at 
least one non-noble metal oxide. 

13. A reactor according to one oi the preceding 
cfaims.wherein said catalytically active surface layer 
is arranged ona base layerlwasncoaU of aluminium 
oxide;) A I '? 0 : , ) i n l h e': v.- modification iorm. 

14. y.A reactor according to claim 12 or 13 wherein, 
for a reducing reaction, the catalyst material 
comprises at least one oxide of at least one of the 
following metals: iron, cobalt, nickel, titanium, 
vanadium^ chromium, molybdenum, tungsten, and 
manganese or a mixture of at least two thereof. 

15..; -A reactor according to claim 12 orclaim 13 
wher'ein;:f6r an oxidisjng reaction, the catalyst 
mateVjal/cgmprises at least one oxide of at least one 
of the f pj lowing metals; copper, chromium, 
molybdenum, tungsten, manganese, vanadium, iron 
or a mixture of at least two thereof. 

l6/; 5 .:v A reactor according to one of the preceding 
claims^vyhich comprises at least first and second 
stages, of such a nature that in operation a reducing 
re ^fi^^Bk@^i^8^e)^.t.^e first stage and an 
oxiciismu, ea'cfiOQ 'akes plate in the second stage. 

1 7^;/Vreactof according. to claim 1 6 wherein said 
first arid second stages each comprise at least one 
plate and they are arranged in a common housing. 

18. .. A reactor according to claim 1 6 or claim 17 
and further including an uncoated filter plate 
arranged upstream of the first stage in the direction 
of flowtherethrough. . 

1 9. - A reactor according to one of claims 1 6 to 18 
and further comprising an uncoated fine-pore filter 
plate arrangeo downstream of the second stage in 
the direction of flowtherethrough. 

20^A.reactor according to one of claims 16 to 19 
wherein air is injected into the flow of gas through 
the reactor, beiween.said firs: and second stages. 

2 lilrAn exhaust gas. reactor substantially as 
herejnbefqre described with reference to Figure 1 of 
the=accp'mp£nying drawings. 

22. An. exhaust gas reactor substantially as 
hereinbefore described-with reference to Figure 2 of 
the accompanying-drawings. 

k 23!' V "A process for the production of a reactor 
according to any one of claims 12 to 20 comprising 
introducing a slurry of ceramic material into an 
open-pore plastics foam and then removing the 
plastics foam, wnerein said non-noble metal oxice is 
scoed to the slurry used to produce the ceramic 
foam from the cpen-pore plastics foam. 

24. A process for producing a waste gas reactor 
accordinc to ar.y one of claims 12 to 22 comprising 
introducing a slurry of ceramic material into an 
open-pore plastics foam and then removing the 
plastics foam, wherein said non-noble metal oxice is 
added to a suspension, and the foam which is coatee 
with ceramic mate rial and which has been pre-criec 
is coated witn the suspension, preferably by a 
dipping process, and then it is subjected to 
calci^a^on.;ii.,. . - •■ -V ■ 

2 5 . p£A:pV pee s s! ace ordjng to claim 24 for 
producing a reactor according to claim 1 3 or any 
claim'ap'pendaht thereto wherein the material i Ai r C ; : 
of the base layer is additionally mixed with the 



suspension. " : 

26. A process for the production of a reactor 
according to any one of claims 12 to 22 comprising 
i ntroaucing a slurry of ceramic material into an 

70 open-pore plastics foam and then removing the 

plastics foam, wherein the foam which is coated with 
ceramic material andoptionally a base layer and 
whicn is in a calcined or.uncalcined condition is 
impregnated with a solution of a metal salt of a said 

75 non-noble metal and the metal salt is then converted 
into the metal oxide by chemical reaction and/or 
calcination, and fixed on the ceramic foam. 

27. A process for the production of a reactor, 
according to any one pf claims 23 to 26 and 

80 substantially as herejnbe.fpre'described. 

28. An exhaust gasr^'actor substantially as 
herein described with'fef.erence to the 
accompanying drawings. 



^MTtec '3' ner Maiesty's Sniionery Office by . 
C'Cvoon Printmp Company (UK) XxO. B 87. D89916B5. 
" PcDiit^ee bv Trje Paieni OMrce..:?550uihsmpion Buitomgs. London. WC2 A 1 AY. 
r-c»T> »* n,cn copies may be oblAineq.'- 



